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iThe counterinsurgency and unconventional warfare environment of
Southeast Asia has resulted in USAF airpower being employed to meet a
multitude of requirements. These varied applications have involved the
full spectrum of USAF aerospace vehicles, support equipment, and manpower.
As a result, operational data and experiences have accumulated which should
be collected, documented, and analyzed for current and future impact upon
USAF policies, concepts, and doctrine.

Fortunately, the value of collecting and documenting our SEA expe-
riences was recognized at an early date. In 1962, Hq USAF directed
CINCPACAF to establish an activity which would provide timely and analy-
tical studies of USAF combat operations in SEA and would be primarily
responsive to Air Staff requirements and direction.

Project CHECO, an acronym for Conteiporary Historical Examination
of Current Operations, was established to meet the Air Staff directive.

__ Based on the policy guidance of the Office of Air Force History and
managed by iq PACAF, with elements in Southeast Asia, Project CHECO
provides a scholarly "on-going" historical examination, documentation,
and reporting on USAF policies, concepts, and doctrine in PACOM. This
CHECO report is part of the overall documentation and examination which
is being accomplished. It is an authentic source for an assessment of
the effectiveness of USAF airpower in PACOM when used in proper context.

_ The reader must view the study in relation to the events and circumstances
at the time of its preparation--recognizing that it was prepared on a
contemporary basis which restricted perspective and that the author's

I research was limited to records available within his local headquarters
area.
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I CHAPTER I

1 INTRODUCTION

On 15 August 1971, a Forward Air Controller (FAC) using INK equip-

I ment on a mission over the STEEL TIGER area of Laos received eight to 10

indications of interdiction targets. He passed this target on to two

other FACs, one of whom "reported seeing nothing but trees but requested

i ordnance on the strength of [the] INK returns. . . . The total Bomb Damage

Assessment (BDA) from subsequent airstrikes against this INK target was:

1 19 medium secondary explosions, 66 small secondary explosions, one large
1u and five medium sustained fires."

But what was the INK equipment which permitted the operator to see
through jungle canopy and spot camouflaged men and equipment where the
unaided eye could see "nothing but trees"? How did it begin, what was

the course of its development, and what overall conclusions can be drawn

with reference to its employment in Southeast Asia (SEA)? The task of

this report is to answer these questions.

* Is the enemy continued to move his war material south toward the

Republic of Vietnam (RVN) along the intricate maze of jungle roads and

3 trails known as the Ho Chi Minh Trail, the United States Air Force (IJSAF)a constantly sought new methods of detecting and countering his presence.

Although FACs continually scanned the infiltration routes, visual recon-

3naissance (VR) was severely limited by the double and triple canopy jungle,
and small North Vietnamese Army (NVA) and Viet Cong (VC) units were especially

2
difficult to find.

SECRET
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Then in April 1966 the Air Force accepted on contract an unsolicited 3
proposal by Plessett Corporation based on Dr. John Monroe's concept of

cloth (man-made camouflage) detection through rotating filters. It

promised significant improvements in both VR capability over heavily j
canopied jungle and in the detection of small enemy contingents. The

Air Force designated the initial program HAVE INK, and the first proto-

type was ready for testing in January 1967. Development of an electro-

optical, daytime reconnaissance device giving a real-time camouflage m
4

detection capability was well underway. 1
The technical basis for the detection concept (see Figure 2) was

that in the near-infrared (IR) and visual part of the frequency spectrum 3
from approximately 0.72 to 1.2 microns the reflectance of virtually all

natural materials increases moderately and quite uniformly as wave-

length increases. While there would be bright and dull shades, a scene 3
viewed at those wavelengths would have a monochromatic appearance.

Although blending into natural backgrounds to the naked eye, many man- 3
made materials and particularly many camouflaged fabrics had distinctively

different reflectances in that frequency spectrum.

When camouflaging mobile objects where complete masking by natural 3
vegetation was not possible, the North Vietnamese employed two fundamental

techniques: (1) "the object was made to have an irregular outline, usually I
by the use of relatively small portions of natural vegetation, while allow-

ing complete freedom of movement," and (2) the object was made to match

the contrast of its background. "This meant coloring the object to approxi- 3
mate the visible color of the dominant component of the background." Often,

2S£
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Ithe North Vietnamese used irregular paint patterns to break up the outline
3 and to reduce contrast against a conglomerate background. With the

development of camouflage detection (CD) film, "the meaning of contrast

m matching was extended to include matching both in the visible and near-

IR spectral regions." Matching dyes and paints against a chlorophyll

background was relatively successful across both regions.

The inventor of the HAVE INK . . . concept recognized
I that although camouflage designers could match

chlorophyll in the CD film band, no dyes existed
that possessed the very rapid increase in reflectance
of chlorophyll in the region from 0.70 to 0.75 micron.

He correctly asserted that, due to this parti-
cuiar shortcoming of the man-made camouflage dyes,
they would be discernible from the natural background
when observed alternately through two narrow band-
pass filters, one centered at 0.74 micron and the3 other at about 1.0 micron.7

This then became the basis for the design of a monocular (initially)

Sand binocular (subsequently) detector using two rotating filters passing

alternately across the field of view. The general tropical background

m (green leaves, bark, and soil) had a known curve of reflectance versus

3 light wavelength, while the man-made dyes used in uniforms and camouflage

cloth had a different curve. By using two wavelengths some distance apart

Sin the spectrum and passing filters screening out all but these two wave-

lengths alternately across the field of view, the background appearedI
at a constant intensity, while man-made cloth objects appeared to pulsate.

Some of the camouflage paint on vehicles, guns, and other material gaveI 9
the same effect.

Advantages of this type of detector were threefold: First, form recog-

nition was not required. The FAC no longer had to "mentally pick the forma
4
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or shape of the camouflaged object from the surrounding shadows or covering 1

branches." Regardless of how well the lines, edges, color, and form of I
the object had been made to blend with the surroundings, "any part of the

material viewed through the detector" would pulsate. Second, since the I
detector was "optimized for reflected near-IR light" and since substantially

larger quantitles"of light in these wavelengths were available on the ground 1

under a moderately forested canopy, one could see much more through the INK 1

detector than with the naked eye or binoculars if the canopy were open
10

enough to permit vision to the ground. Third, since "contrast alone" 3
was sufficient for target identification, the surveillance area of the

detector was considerably larger than was possible for systems which I
11

required form recognition. I
This then was the theoretical basis for the INK program. The Air

Force sought to translate the theory into equipment suitable for opera- I
tional employment in SEA during 1971 and 1972.

I
I
I
I
I
1

5 1
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I CHAPTER 11

DEVELOPMENT

HAVE INK

As noted In the previous chapter, Air Force development of camouflage
12

j detection equipment began in April 1966 under the project title, HAVE INK,

and the Air Force Weapons Laboratory (AFWL) completed the first prototype

13
in January 1967. Rome Air Development Center (RADC) personnel in con-

junction with the AFWL tested the unit at Eglin AFB, Florida, in October

m and November 1967 and found that it yielded "twice the detection capability

m of visual reconnaissance using targets simulating stationary, camouflaged

troops. . . . It is important to note that this increased effectiveness

1 was attained by virtually untrained operators using relatively primitive
14

equipment." The test "conclusively demonstrated the existence of a
15

unique target signature for many military uniforms and materiel."

m IHAVE INK II

1 As a result of the test, the AFWL began modifications to extend the

range of the prototype under the informal designation of HAVE INK II. They

3 "increased the magnification to 8-1/2 power, incorporated an image stabilizer,

and took this improved detector to Southeast Asia for a demonstration of
16

its capability." The demonstration under combat conditions, begun in

December 1967 and concluded in January 1968, "proved the potential usefulness| 17
of the system." Although limitations of the equipment required considerable

3 modification prior to any extended operational employment, in January 1968

the 7th Air Force Commander, General Momyer, requested five improved systems

ISR
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for use by 7th Air Force personnel in SEA. In July 1968, Hq USAF authorized 3
the required additional development and procurement by the Aeronautical

Systems Uivision (ASD) of Air Force Systems Command (AFSC). 
I

COMBAT INK I
The immediate task of this new development, nicknamed COMBAT INK, 19

was to correct the deficiencies discovered during 
the SEA demonstration.

Specifically, "the detection range was to be increased to 4,500 feet. The j
diameter of the surveillance area was to be increased to 300 feet. The

filter balance was to be externally controllable . . . [and] a number of I
image-tube deficiencies were to be corrected." Basically, these were I
requirements for increased range and resolution, background balance control,

("trim"), and built-in image stabilization. Further requirements were an 3
effective way to correlate observed returns with visual references, binocular

instead of monocular viewing, and a weight reduction of the detector head I
20

from the 10.5 pounds of the SEA demonstrator.

By virtue of its role in the initial HAVE INK prototype development,

the AFWL undertook the COMBAT INK effort. It received funding approval 3
on 27 July 1968, and contractor effort began on 28 August 1968. AFWL

procured a sixth device for the Marine Corps and, at one point, it ordered I
a seventh set (later cancelled due to cost) so that further exploitation

and production engineering could be conducted even during the operational I
21

test and evaluation (OT&E). 3
Although originally scheduled for delivery during February 1969,

the first set did not arrive until September 1969. After a short evaluation I

71
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USAF returned it to the contractor for "elimination of defects and recon-

I figuration of controls." The remaining five sets arrived at the USAF

Special Operations Force (USAFSOF) at Eglin AFB, Florida, during

February 1970 to begin 
the OT&E phase.22

The purpose of this OT&E was "to determine the operational capa-

bility of the INK detector to detect camouflaged objects." Specific
23Iobjectives were to determine the:

a. Accuracy of target detection in relation to3 terrain and foliage.

b. Most effective altitude for target detection.

- c. Concept of employment.

d. Operational and engineering deficiencies.

e. Maintenance and logistical requirements.

f. Personnel resource and training requirementIto provide maintenance support.

g. Operator training program required.

h. System reliability.

3 To insure realistic (tropical) environmental evaluation, USAFSOF

conducted the majority of tests in the Panama Canal Zone jungle area near

3 Howard Air Force Base (AFB). However, they accomplished airborne specifi-
24

cation testing in the semi-tropical areas around Eglin AFB, Florida.

The INK equipment was flight tested in O-lE, O-2A, and U-lOB aircraft

3 (through an open door or window) and taxi tested through-the-canopy on the

OV-1OA. Since most O-lEs were no longer in the U.S. combat inventory,

USAFSOF eliminated them from further consideration. Tests were conducted

5 8
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in the U-lOB since it was readily available in the Canal Zone and required 3
no modification for INK installation. However, since it was not a FAC

aircraft, it was not considered further. Testing in the OV-1OA was con- I
ducted only on the ground since the INK equipment impeded normal ejection

seat operation. As costs for an installation which would have been safe

in flight were prohibitive, the USAFSOF dropped the OV-lOA as a likely25

prospect. Thus the O-2A emerged as the best aerial platform.

In the Canal Zone, aerial operators tested the INK equipment against

the following targets: "North Vietnamese and Viet Cong uniform halves,

U.S. fatigue halves and jackets, U.S. general purpose netting, U.S. jeep

canvas top, North Vietnamese hammocks, U.S. jeeps and trucks, U.S. artil-

lery pieces (l05 millimeter howitzers), and U.S. Army troops in combat

uniforms." All were detectable except the paint on U.S. military vehicles

and approximately 50 percent of the canvas tops on U.S. vehicles. "In

general, if the jungle canopy contained nine-inch holes or larger, targets

could be picked out by the INK system. If the jungle canopy was more

closed than that, complete concealment of the target resulted." Although

some natural targets, such as gravel roads, water puddles, tin roofs, and

asphalt and concrete areas, also pulsated, the trained operator had no

difficulty in differentiating between 
the camouflaged and natural ones.

The equipment detected targets best at an altitude of 3,200 feet above

ground level (AGL) and at an angle of 45 degrees to the ground, although it

was tested at altitudes from 500 feet to 10,000 feet AGL. At altitudes below

3,000 feet AGL, the rapid angular rate of change to the target and greater

9
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Iturbulence* hindered detection. Operators could resort to altitudes above
27

m 3,200 feet if enemy antiaircraft artillery (AAA) forced them upward.

Flown under a wide range of light conditions, the system functioned

well from one hour after sunrise until one hour before sunset regardless

of cloud cover** as long as line of sight to the target could be maintained.

-- The aircrews conducting the test flew a circular, right-hand orbit around

the target usually making more than one orbit and often spending 15 minutes28

on one area 500 feet 
in diameter.

* All operational and engineering deficiencies discovered during the

test were attributed to "engineering deficiencies or manufacturing defects"

and consisted mainly of leaking stabilizer subsystems, defective image tubes,

and stopping filter motors. Spare parts and technical support were not

available for most of the OT&E since Plessett Corporation, which had become

3 a division of EG&G, had ceased operations (and their technical knowledge was

lost) upon delivery of the fifth INK system to USAFSOF during February 1970.

3 Therefore, the Air Force had to establish its own maintenance capability
29

and supply support.

USAFSOF personnel developed operator and maintenance training courses,

including writing the necessary manuals, and designed and built all required
30

test equipment. Based on their experience with the equipment, USAFSOF

5 stated that a 25 percent failure rate for new operators could be expected

*The INK equipment will operate in turbulence up to, but not including,
moderate turbulence.

"*During the later combat evaluation in SEA (CORONET INK), operators found
That three miles visibility or more than 3/8 cloud cover reduced the capa-
bility of the system and that 4/8 cloud cover resulted in marginal performance.

1 10
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due to some individuals not being able to adapt to the "flicker threshold 3
phenomena." The constant flickering could cause some persons to have an

epileptic seizure, lose consciousness, or become confused. I
Numerous manufacturing defects and engineering deficiencies in the I

five systems made it difficult to assess system reliability. "Although

all five systems were delivered to USAFSOF as operational after being ground I
tested by AFWL, only one system remained operational after one week of

airborne testing." That one system was tested, however, to see if the m

others merited costly repairs and redesign--the final determination was

that they did. 33

By mid-April 1970, most of the OT&E was complete. In July 1970,

USAF approved the additional funding, and three contracts were awarded

for the required work and spare parts procurement.34  For the next five

months, none of the units were operational since all were in the repair

and redesign phase and in some state of disassembly. However, all of

the sets were operationally ready two weeks prior to the completion of the
35

OT&E in January 1971.

In addition, a 90-day parts supply kit had been assembled based on

usage rates during the OT&E. It was "not 100 percent spared and items

not considered field repairable . . . were omitted."

37
The final conclusions of the OT&E were:

a. The INK system is capable of detecting a 9-inch
diameter of U.S. fatigue cloth or North Vietnamese
green uniform cloth material from 4,500 feetslant range. The system can also detect a man-size, uniformed target of the same materials

111
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"- from 14,000 feet slant range.* This capability
exists for line-of-sight conditions with3 tropical or semi-tropical backgrounds.

b. The INK system should be used in jungle environ-
ments in O-2A aircraft operating between 1 hourI after sunrise to 1 hour before sunset. Search
altitudes should be between 1,000 feet and 10,000
feet AGL, using the nost effective altitude of
3,200 feet AGL if weather and enemy defenses
permit. The search pattern should be a right-
hand orbit about the area to be searched.

i c. Within the selected concept of employment, the
system has no operational deficiencies. The
engineering deficiencies that were identified
during the test were corrected prior to test
completion.

d. Air Forcemaintenance of the INK system is~feasible.

e. The maintenance technician training course
requires 40 classroom hours, and AFSC 301XX is
a usable resource for personnel.

3 f. The operator training program requires 3 class-
room hours and approximately 10 flying hours.

3 g. The reliability of the present system is
unknown.

3 The equipment had progressed in design and development since Plessett

Corporation built the initial HAVE INK prototype some four years earlier.

In its final configuration and ready for SEA deployment, the system con-

sisted of a detector head, control box, power supply, a battery source

for ground use, and three interconnecting cables. (See Figure 3.) Only

3 one battery was provided for the five systems; however, it could be recharged

by plugging it into any 110 volt alternating current outlet. Installed in

*Operating altitude of 10,000 feet AGL.
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the aircraft, the equipment weighed 40 pounds, 24 pounds of which was the J

38
detector head. The detector head had increased from 10.5 to 24 pounds 3
due to necessary engineering modifications.

The system gave the operator a "choice of 7- or 15-power viewing through 1
the image intensifier tube and rotating filter" and provided an "image

stabilized view of flickering targets." (See Figure 4.) If desired, he I
could replace the view through the image tube with a "direct unstabilized I
3-power view by activating a solenoid-driven mirror." The three-power

view allowed the operator to locate the targets seen through the image tube

in relation to the surrounding terrain for target marking purposes.

At the conclusion of the COMBAT INK OT&E, USAFSOF recommended that I
40the systems be deployed for combat evaluation, I

I
I
I

1
I
3
I
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